We consider the possibility of a Standard Model (SM)-like Higgs in the context of the Minimal Supersymmetric Standard Model (MSSM), with a mass of about 125 GeV and with a production times decay rate into two photons which is similar or somewhat larger than the SM one. The relatively large value of the SM-like Higgs mass demands stops in the several hundred GeV mass range with somewhat large mixing, or a large hierarchy between the two stop masses in the case that one of the two stops is light. We find that, in general, if the heaviest stop mass is smaller than a few TeV, the rate of gluon fusion production of Higgs bosons decaying into two photons tends to be somewhat suppressed with respect to the SM one in this region of parameters. However, we show that an enhancement of the photon decay rate may be obtained for light third generation sleptons with large mixing, which can be naturally obtained for large values of tan β and sizable values of the Higgsino mass parameter.
Introduction
The minimal supersymmetric extension of the Standard Model (MSSM) provides a well motivated framework that is currently being tested at high energy colliders. Supersymmetry breaking introduces tens of free parameters which can only be fixed by comparison with experimental data [1] . One of the most solid predictions of the model is the presence of a relatively light Standard Model (SM)-like Higgs boson [2] , [3] with a mass of the order of the weak scale. The precise value of this Higgs mass is strongly dependent on loop corrections which depend quartically on the top quark mass and logarithmically on the scale of the stop masses. For both the stop masses at the TeV scale, there is a maximal value for the SM-like Higgs mass, which has been computed at the one and two-loop level by different methods, and is about 130 GeV [4] - [14] .
For these reasons, the observation of a Higgs boson with SM-like properties and a mass above 130 GeV would put a very strong constraint on the realization of the MSSM. However, the Tevatron and LHC experiments have currently ruled out the presence of a SM-like Higgs boson above ∼ 130 GeV at the 95% confidence level [15] - [24] , essentially ruling out most of the region of parameters which would be inconsistent with this model for supersymmetric particle masses in the TeV scale. In addition, the ATLAS and CMS experiments have reported signatures consistent with the presence of a Higgs particle with a mass of about 125 GeV and with a central value for the associated photon rate that is similar or somewhat above the SM one [23, 24] . The observed production rates in the W W and ZZ channels are consistent with those expected for a SM Higgs in that mass range.
Although it is premature to interpret the signatures observed at the LHC as evidence of Higgs production, we shall entertain the possibility that indeed they are associated with the presence of a Higgs with a mass of about 125 GeV, a photon production rate greater than or similar to the SM one for the same Higgs mass and at the same time a SM like production rate in the other channels (W W and ZZ). In section 2 we shall discuss the Higgs mass predictions and the constraints that can be derived on the stop spectrum from the Higgs mass determination. In section 3 we shall discuss the Higgs production and decay rates. We shall analyze the rate of photon and weak boson production and their dependence on the values of the CP-odd Higgs mass. We further show that the slepton spectrum may have an important impact on the photon decay rate. In particular in the presence of large mixing in the third generation slepton sector, photon decay branching ratios larger than in the SM may be achieved for large values of the CP-odd Higgs mass. We shall reserve section 4 for our conclusions.
Higgs Mass Predictions
As we have mentioned in the introduction, for almost degenerate stop masses, the Higgs mass depends logarithmically on the averaged stop mass scale, M SUSY . There is also a quadratic and quartic one-loop dependence on the stop mixing parameter,Ã t . Specifically, for moderate or large values of tan β, which is the ratio of the Higgs vacuum expectation values, and large values of the non-standard Higgs masses, characterized by the CP-odd Higgs mass, m A , one and ∆h τ is a loop correction factor that depends on the sign of µM 2 [27] 1 . From Eq. (1) it follows that Higgs masses of about 125 GeV may only be obtained for values of the stop masses of the order of several hundred GeV and sizable values ofÃ t > M SUSY . The scale M SUSY and/or the mixing parameterÃ t should take larger values if there is a significant negative sbottom or stau induced effect on the Higgs mass, which is possible for very large values of tan β. We have used the program FeynHiggs [28, 10, 11, 29] 2 for the computation of the Higgs cross sections [30, 31, 32] and properties. We always compare our results with CPsuperH [33] , which gives good agreement with the results of FeynHiggs, apart from the large tan β region, where stau effects, which are not included in CPsuperH, become significant. In order to determine the region of stop masses consistent with the Higgs signature [34] , we have considered an uncertainty in the calculation of the Higgs masses of about 2 GeV, and hence, we conclude that the entire range of calculated Higgs masses between 123 GeV and 127 GeV may be consistent with the observed Higgs signatures.
Results for the Higgs masses for different values of the stop mass parameters in the onshell scheme and tan β in theDR scheme are shown in Figs. 1-2. Throughout this paper we fix the gluino, wino and bino masses to 1.2 TeV, 300 GeV and 100 GeV, respectively. The right-handed down squark masses are fixed to m d i = 2 TeV. In Fig. 1 we show the Higgs mass predictions (solid line contours) together with the stop mass predictions (black dashed contours) for different values of A t and tan β as a function of the soft SUSY breaking stop mass parameters, m Q 3 and m u 3 . In the case of significant splitting of the stop soft masses, the mass of the heaviest stop is of the order of the largest soft stop mass, and as can be seen from Fig. 1 , the mass of the lightest stop can be as low as ∼ 100 GeV. This shows that the mass of the Higgs does not imply a hard lower bound on the squark masses. A lower bound for the squark masses will be determined by direct experimental searches. Note that, values of A t larger than ∼ 2 TeV 3 are required to achieve values of the Higgs mass in the region of interest.
In Fig. 2 (a) , we show the Higgs mass predictions for A t = 2. 
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2 ). Note that such large values of tan β are allowed since we are fixing large values of m A (∼ 1000 GeV) to satisfy LHC bounds from the non-standard Higgs boson search H → τ τ [35, 36, 37] .
In Fig. 2 (b), we give contour plots of the Higgs mass in the m Q 3 -A t plane for different values of tan β, assuming m Q 3 = m u 3 . We observe that in the case of no splitting between the two stop soft masses, values of A t above ∼ 1.5 TeV are needed to achieve Higgs masses in the region of interest. In this case the mass of the lightest stop is naturally above a few hundred GeV. 
Production Rate of Higgs Decay into Photons
The production rate of two photons associated with a SM-like Higgs decay may be increased by either increasing the gluon fusion production rate or by increasing the Higgs branching ratio into photons. Modifications of these rates may come from mixing effects or from extra particles running in the loops. We discuss these possibilities below.
Mixing Effects
The mixing in the Higgs sector can have relevant effects on the production rates and decay branching ratios. Mixing effects become particularly relevant for small values of the nonstandard Higgs masses, m A . It is known, however, that in most regions of parameter space, the mixing effects conspire to enhance the bottom decay width, leading to a suppression of the total production of photons and gauge bosons (see, for instance Refs. [39] , [40] ). However, the mixing in the Higgs sector may be modified for large values of the mixing parameters in the sfermion sector [41] . Both stops, sbottoms and sleptons may have a relevant impact on the Higgs branching ratios. A suppression of the bottom decay width through mixing effects may have important consequences for the decay branching ratios of all the gauge boson decay channels.
Let us clarify the mixing effects in the CP-even Higgs sector. The mass matrix is given approximately by 
The mixing in the CP-even Higgs sector may be now determined by
which reduce to − sin 2β and − cos 2β respectively, in the large m A limit. The convention is such that 0 ≤ β ≤ π/2 (although generically values of β > π/4 are considered), while −π/2 ≤ α ≤ π/2, and, in the large m A limit, α = −π/2 + β.
The ratio of the tree-level couplings of the Higgs to W bosons, top and bottom-quarks with respect to the SM ones are approximately given by hW W : sin(β − α) , htt : cos α sin β ,
As seen above, the coupling to bottom quarks is also affected by the ∆h b corrections [42, 44] , which, however, do not modify the overall dependence of the bottom quark coupling on the mixing in the Higgs sector.
For moderate values of tan β and m A , the loop effects are small and sin α is small and negative while |sin(2α)|> |sin(2β)| .
Since cos α sin β 1, this implies that |sin α|> cos β, leading to an enhancement of the bottom quark width which in turn leads to a suppression of the dominant SM Higgs decay branching ratios at the LHC. The couplings to top and W bosons are not modified in this regime, but there is also a small decrease of the gluon fusion rate induced by the bottom-quark loop effects that have the opposite sign as the top quark loops and become enhanced in this regime.
For large values of tan β and moderate values of m 2 A , the values of sin α tend to be very small, of order cos β. A decrease of the bottom quark coupling can be obtained, for instance, if |sin(2α)|< (sin 2β), which can be obtained by making the loop corrections Loop 12 positive and sizable. Since the tree-level contribution for (M 2 H ) 12 is suppressed by 1/tan β, the loopcorrections may be significant in the large tan β regime. It is well known that a suppression of the Higgs mixing can be achieved for large values of µA t < 0 (µA t > 0) for
, as follows from Eq. (11) . Sizable values of A t are necessary to achieve a large modification of the Higgs mixing, what leads to values of the Higgs mass of about 120-125 GeV for stops masses of about 1 TeV. A benchmark scenario for Higgs searches at hadron colliders, named the "small α eff scenario", has been constructed due to this property [44] . Large values of µ 3 A b,τ > 0 may also lead to a significant effect for very large values of tan β. Let us stress again that the overall effect of a suppression of the bottom quark width is an enhancement of not only the photon decay rate, but also of the W W and ZZ rates. A large suppression of the bottom-quark width, however, demands small values of m A and large tan β, which are disfavored [39] by the search for non-standard Higgs bosons at the LHC H → τ τ [35] - [37] . For instance, only a narrow region of the small α ef f scenario, for moderate tan β and m A 100 GeV, for which the heaviest CP-even Higgs has SM-properties with a reduced bottom decay width, seems to survive these constraints [39] .
Light Stop and Sbottom Effects
The Higgs decay rate into photons is induced by loops of charged particles. In the SM the main contribution comes from W bosons and is partially suppressed by the contribution of the top quarks, which provides the second most important contribution to the Higgs to γγ amplitude. In the MSSM, one can imagine that the presence of light sbottoms or light stops would contribute to this amplitude, and indeed, for sufficiently light squarks the decay branching ratio of the Higgs to γγ may be enhanced in certain regions of parameter space [43] . Light squarks, with large mixing, can increase the photon decay branching ratio but, in general, this effect is overcompensated by a large suppression of the gluon fusion production rate [45] , as it is shown in Fig. 3 4 . We find that, in general, for heavy third generation sleptons, for the region of third generation squark masses consistent with a 125 GeV Higgs the squark effects lead to a Higgs gluon fusion production times photon decay rate of the order of, or slightly lower than in the SM.
Light Stau Effects
A positive contribution to the γγ production rate, without modifying the gluon fusion rate, may only be due to loops of sleptons and charginos. In most cases slepton and chargino contributions tend to suppress the γγ rate. An exception to this rule is staus, in the presence of large mixing, which tend to enhance it.
Large mixing in the stau sector may be achieved for large values of µ and tan β. This is due to the fact that the stau mass matrix is given by
4 We found a small discrepancy between the FeynHiggs and CPsuperH results for the branching ratio of the Higgs decay into photons in the limit of heavy sleptons, with FeynHiggs giving almost 10% lower values than the SM even for heavy squarks. Since our computations were performed with FeynHiggs, the rates can be slightly higher than the ones shown in the figure. where
2 , A τ 500 GeV, these conditions may be achieved for µ 1 TeV and tan β 60. For these values
may be obtained, together with no relevant effects in the Higgs gluon fusion production rate.
The dependence of σ(gg → h) × BR(h → γγ) in the m L 3 -m E 3 parameter space, for µ = 1030 GeV, A τ = 500 GeV, as well as in the m L 3 -µ parameter space for m L 3 = m e 3 is shown in Fig. 4 . Solid lines represent contours of equal photon rate, normalized to the SM value. Dashed lines represent contours of equal values of the lightest slepton mass. The squark sector was fixed at m Q 3 = m u 3 = 2 TeV and A t = 2 TeV for tan β = 10 and m Q 3 = m u 3 = 1.5 T eV , A t = 2.5 TeV, for tan β = 60, consistent with a Higgs mass of about 125 GeV. We have checked, however, that the results are insensitive to the exact value of the Higgs mass in the 123 GeV-127 GeV range. For tan β = 10 (top panels in the figure) the stau mixing is small and no enhancement is observed in the total photon rate associated with Higgs production. On the contrary, for large values of tan β (bottom panels in the figure), for which the mixing is relevant, a clear enhancement is observed in the region of parameters leading to light staus, close to the LEP limit. As emphasized above, enhancements of the order of 50% in the total photon rate production may be observed. The production rate of weak gauge bosons, instead, as well as the branching ratio of the Higgs decay into bottom quarks, remain very close to the SM one.
Let us mention in closing that large values of A τ and moderate values of m A can lead to a suppression of the width of the Higgs decay into bottom quark via Higgs mixing effects, Eq. (11), and a subsequent enhancement of the photon and weak gauge boson production rates. For instance, for tan β = 60, A τ 1500 GeV, m A 700 GeV, µ = 1030 GeV and m e 3 = m L 3 = 340 GeV, one obtains a lightest stau mass of order 106 GeV, and
while BR(h → bb) 0.8BR(h → bb) SM . The LHC and the Tevatron colliders will be able to test these possible variations of the Higgs production rates in the near future.
Conclusions
The MSSM provides a well motivated extension of the SM, in which for a supersymmetric spectrum of the order of 1 TeV, the SM-Higgs mass remains below 130 GeV. Recent results from the LHC are consistent with the presence of a SM Higgs with a mass of about 125 GeV and a photon production rate that is similar or slightly larger than the SM one. This Higgs mass range is consistent with the presence of stops in the several hundred GeV range and a sizable mixing parameter A t ≥ 1 TeV. Lighter stops may also be obtained for relatively large values of the heaviest stop masses and sizable mixing parameters. In general, for the stop mass parameters consistent with the 125 GeV Higgs, the gluon fusion rate tends to be slightly lower than in the SM. The photon decay branching ratio depends strongly on the CP-even Higgs mixing, which controls the bottom-quark decay width, and on the possible presence of light charged particles in the spectrum. Light squarks, with large mixing, required to get consistency with a relatively heavy Higgs mass of about 125 GeV, can increase the photon decay branching ratio but, in general, this effect is overcompensated by a large suppression of the gluon fusion production rate.
In this article, we have shown that light staus, with significant mixing, may strongly affect the photon decay rate if the lightest stau mass is close to the current experimental limit, of about 100 GeV. We have shown that di-photon production rates induced via Higgs production can be fifty percent larger than in the SM for a squark spectrum consistent with a 125 GeV Higgs mass. In general, large values of tan β and sizable values of µ are required to achieve these effects. Other experimental constraints, like the anomalous magnetic moment of the muon, flavor physics and the Dark Matter relic density would provide additional information to constrain the low energy soft supersymmetry parameters of the model. We reserve the study of these effects, as well as the associated LHC physics, to a future work.
Note Added
While this article was being completed several articles [46] - [53] appeared in the literature which address the question of how to obtain a 125 GeV Higgs within low energy supersymmetric models. The effect of light third generation sleptons was not studied in these papers.
